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A SEVEN-YEAR QUANTITATIVE STUDY OF SUCCESSION IN GRASSLAND
throughout. Scribner's panic grass (Panicum scriband Wilcox's panic grass (P. wilcoxianutm)
are low-growing, interstitial species of very common
occurrence. Carex pennsylvanica is the chief sedge.
In addition to the grasses and sedges there are numerous composites, legumes, and other forbs.
The grasses normally reach a general level of 12
to 18 inches in July when vegetative growth is nearly
complete. The basal cover is about 13 percent and
the foliage cover varies between 75 and 100 percent
during a season of approximately normal precipitation. The soil is almost entirely concealed by debris,
usually only a few millimeters thick. This prairie
had not been grazed for at least 40 years, and probably only moderately since the disappearance of the
bison. It is used for the production of hay and is
mowed annually in late summer or fall, except in
years of extreme drought. But the great drought of
1934-36 had a very destructive effect on grassland.
In the prairie this resulted in marked changes in the
normal composition of the vegetation (Weaver and
Albertson, 1936). Chief among these was the high
mortality of little bluestem, many bunches being entirely killed and others represented by a mere fringe
of dwarfed stems. June grass, needle grass, and
bluegrass also suffered greatly. Losses were severe
among grasses of the understory, notably Panicuin
scribnerianum and P. wilcoxianum, as they were also
among forbs (such as Antennaria campestris and
Viola pedatifida) of similar dependence upon the mid
recorded.
grasses for protection from too great insolation and
LOCATION OF AREA AND DESCRIPTION
too low humidity. Big bluestem and deeply rooted
forbs were not greatly affected.
OF VEGETATION
The excellent conditions for growth in spring and
The area selected lies 3 miles north and 1 mile west
of the University of Nebraska in Lincoln. It con- early summer following the drought of 1934 resulted
sists of a large tract of unbroken native prairie, a in vigorous development of the survivors, rapid reconsiderable portion of which was fenced and grazed seeding, and invasion of the bared areas by rhizomes.
continuously for 23 years. The prairie and pasture Hence much of the area formerly occupied by little
cover gently rolling to moderately hilly land. They bluestem was taken over by June grass and needle
aire about one half mile long, from north to south, grass. Prairie dropseed became much more abundant,
and about one quarter mile wide. The soil is Car- as did also side-oats grama. Even bluegrass spread
rin-ton clay loam, a type common and extensive in rapidly from the scattered, well shaded areas where
it had not succumbed to drought.
eastern Nebraska, as is also this type of topography.
The prairie vegetation from which the pasture
EXPERIMENTAL PASTURE
originated is of the upland mid-grass type. The
The experimental pasture adjoining the prairie
chief dominant is little bluestem (Andropogon scoparins),' which alone constitutes about 60 percent had apparently never been greatly overgrazed. In
1932-33 it was studied and described as belonging to
of the cover. Needle grass (Stipa spartea), prairie
the No. 3 type, which is characterized by about half
dropseed (Sporobolus heterolepis), June grass (Koedominance of bluestems and other prairie grasses and
leria (cristata), and side-oats grama (Bouteloua curtihalf of bluegrass (Weaver and Hansen, 1941). The
pean(bda) are all important species. The sod-forming
with a very cover was practically intact, annual weedy species
big bluestem (Andropogon
furcatus),
little Indian grass (Sorghastrum nutans), is dominant were few, and only a modicum of the usual perennial
in the ravincs, but has also spread throughout much pasture weeds occurred. Two pasture areas adjoining the prairie were exclosed to stock, a smaller one
of the upland where, like Kentucky bluegrass (Poa
of 24 square rods on a west hillside near the south
pratensis), it forms a 3 to 10 percent mixture almost
2 rhe nomenclature
Manual of
of grasses follows Hitchcock's
end of the pasture and a larger one, 4.5 rods wide
that of other plants Britton
the Grasses of the United
States;
and 31 rods long, extending from the top of a low
I llustrate(d Flora.
Brown's
al(t
INTRODUCTION

The study of plant succession has contributed more
than any other single line of investigation to a deeper
insight into the nature of vegetation. Earlier studies
of succession, especially in grassland, were largely
those of the primary sere. But with the utilization
of the prairies for grazing, and the abandonment of
submarginal land after a short period of cropping,
numerous investigations of secondary successions were
nll de. The earlier studies have been discussed by
Clements (1916) in "Plant Succession." Sampson's
plant succession in relation to range management
appeared in 1919. Many of the more recent investigations of subseres in grassland and on abandoned
lands have been reviewed by Drew (1942). Costello
(1944) has studied the grassland subsere in northeastern Colorado. Weaver and Albertson (1944)
have traced the subsere following the recent great
drought over a vast central area of both true and
mixed prairie. Information on the rate and nature
of natural revegetation of depleted ranges and abandoned cultivated land is of basic importance to many
problems of soil conservation and land use.
The present study was begun in 1937 to determine
the course of succession in an old native pasture
under complete protection from grazing. The nature
and rate of regeneration of the vegetation in its return toward the grassland climax have been ascertained and changes in the plant population fully
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hill northward to and including its level base. The
slope in the main area varied from 1 to 5 percent
(-ig. 1.). The south exclosure was typical of the
in0re hilly portion of the pasture. It included a
west-fhiing, gentle slope and also a portion of a
nwrtheast one. These were separated by a small

An exception was the occurrence of about a dozen
small patches of blue grama (Bonteloua gracilis)
which were well defined hut in general depleted to
onlv one third or less of the normal basal area. Bluegrass occurred in patches ranging from a few square
inches to a square yard in area. There was much
nearly unoccupied ground in which sand dropseed
r:avine.
was the only grass. Large patches of smooth goldenrod (Solidago glaberrima), smaller but more frequent
ones of many-flowered aster (Aster miltiflorit), and
scattered plants or aggregations of Pursh's plantain
4:
A
were the chief weeds. Yarrow (Achillea occidentalis)
and horseweed were scattered throughout, and in the
lowverpart an infestation of peppergrass occurred.
The outstanding feature of the northern (lower)
half of the exclosure was the almost continuous stand
of peppergrass, the crowns overlapping almost everywhere. Before the drought this area was clothed with
a nearly continuous sod of bluegrass. of which only
a few scattered patehes remained (Fig. 2). Other
prairie grasses were rarely found, and peppergrass
thrived. Sand dropseed usually occurred under this
weed, though some bared areas produced only weeds.
In the thinner stands, sand dropseed numbered only
three or four plants per square meter, but in the
FIG. 1. A part of the experimental pasture in March,
19:38,after one year of succession. Sand dropseed (Spo- thickest ones it covered one fourth to one third of
roblo.h cryptandrus) gives tone to the landscape. Climax the soil. Yarrow was common in small patches, and
the annual horseweed was scattered thickly.
puririe occurs to the right (east) of the black line.
The chief changes in pasture resulting from the
(irought were the almost complete disappearance of
bluegrass and great injury to little bluestem. Sand
d rolpseel (Sporobolus cryptatidrus ') increased greatly
(Veaver andl hansen, 1939). There was a great increase in side-oats grama, and an increase in annual
weeds.
The chief characteristic of the vegetation in the
south exelosure in the spring of 1937 was the scarcity
of nearly all prairie grasses; they were found only
11po1nclose observation. The bluestems, for example,
sometimes occurred at the rate of only 1 to 4 stems
or small tufts per square meter; often there were
none. There were, as in the prairie, many areas of
a few square inches to several square feet almost
completely unoccupied by vegetation. Dense patches
of the annual peppergrass (Lepidium densiflorum)
occurred throughout much of the pasture. Spikes of
Pursh's plantain (Plantago purshii) were so numerous loc;illy as to give a distinctly gray color. An
abundance of the bright green-colored horseweed
(Leptilon canadense) was confined to the ravine or to
nearly hare ground. No other weeds were of unusual
importanee. A two thirds stand of bluegrass intermixedl with scattered stalks of thrifty big bluestem
grew in a narrow strip in and bordering the ravine.
Seattered bunches of June grass and a few relict
l)prairieforbs were found. In bare or half-bare soil,
planJltsof sand dropseed grew sparingly.
The southern or upland half of the large north
exclosure was characterized by the almost complete
dlisappearance of all the prairie grasses except thinly
seattered bunches of June grass and side-oats grama.

_;
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-

e

-
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FIo. 2. (Upper) Relict bln:lies and patches (dark)
of Kentucky bluegrass (Poa pratensis) on the lower
ground in the north pasture in early spring of 1936.
Further losses were sustained during the dry summer.
(Lower) Dense stand of peppergrass (Lepidium densiflorum), a weed which was extremely abundant following

the early years of drought. Average height is 14 inches.
June 7, 1937.
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THE SOIL
The soil has a mature profile. The A horizon is
lark in color, fairly rich in humus, and extends to
41 depth of 18 inches. Mechanical analysis showed
that it contained about 25 percent very fine sand,
38 percent silt, and 26 percent clay,3 the remainder
cormsisting of larger sand particles. At 12 inches
lepth the soil becomes lighter in color, and the clay
loam of the surface foot grades into clay. The B
horizon extends about 18 inches deeper. It consists of a yellowish clay which is plastic when wet
but very hard when dry. The prismatic structure is
swelldeveloped and during drought a great shrinkage
occurs among the vertical prisms. The C horizon
begins at about 32 to 36 inches depth, depending
upon slope. While there is an entire absence of
eoarse sand to this depth, the sand component consisting -almostwholly of very fine sand, in the C horizon the clay gradually becomes intermixed with an
iiieaellsiig proportion of coarser sand. There is no
lime laver at any depth; water percolates freely
tilrough the massive layer of parent material. Hygroscop)ic coefficients and pH values are given in
Table 1.
TABLE

1. Hygroscopic coefficients of soil and subsoil

.and 1)11 vRlues to a depth of 6 feet in prairie and past 'ire.
HYGROSCOPIC
COEFFICIENTS

Depth
feet
(.0-0.5.
0.5-1 .......
1-2.......
2-3.......
3-4.......
4-5.
5-6.......

Prairie

Pasture

pH
Prairie

pH
Pasture

8.9
8.4
10.5
11.1
9.7
10.8
11.2

9.4
10.1
11.3
11.5
11.4
10.5
10.7

6.0
6.0
6.2
6.9
7.8
7.8
7.5

6.1
6.1
6.2
7.0
7.9
7.8
7.5

AMETHIODSOF STUDYING VEGETATION AND
ENVIRONMENT
Permanent meter quadrats were established in the
exclosures early in 1937 for the purpose of determining quantitatively the increase or decrease of
various species during a period of 7 years. Because
of the variety and nature of the vegetation, the list
oi census method was employed. Ten permanent

quadrats were marked out at random in widely distributed areas where sand dropseed dominated. Another lot of 10 was located at random in local areas
revealing remnants of the bluestems, since over many
square meters none were found. Ten other quadrats
were located on the lower ground where small relict
Tcni quadrats, each
pItc11heS of bluegrass persisted.
of which included patches of blue grama, were also
established. Some of these patches were old stands;
others had been formed from seedlings after the
drought began. Three quadrats were selected as representative of bared areas occupied by peppergrass.
Stem counts of all plants occurring in these 43 quadrats were madie annually in June and July. An exC3Glay includes

all p)arti(les

with diameters

less than 0.005

mm.
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ception was the dense patches of blue grama where
the percentage of basal area, an inch from the soil
surface, was ascertained.
In addition to detailed examination of the vegetation each month during the growing season, quadrats
were used in ascertaining the density of the foliage
cover, basal area, and percentage composition. Clip
quadrats were extensively employed near the end of
the dry cycle in 1940, and after two years of good
precipitation (1943) to ascertain the amount and
composition of the vegetation produced after different
numbers of years of succession. Subseres of shorter
duration resulted from exclosing to cattle new portions of the original pasture in 1939 and 1940 with
those exclosed in 1937. These were of great value
in comparing earlier stages of the succession with
later ones. Data obtained during the earlier years
(1937-40) have also been used in a study of regeneration of native midwestern pastures (Weaver and
Hansen 1941a).
Since precipitation and water content of soil are
the principal factors controlling the development of
vegetation in this central prairie area, chief attention
was centered on the water relations. Data on temperature, humidity, and evaporation were obtained,
but they are not presented. Precipitation during the
early years of the study was measured by means of
a standard rain gauge placed in the area, but data
from the Weather Bureau station at Lincoln were
used thereafter. Samples of soil for water content
determinations were usually taken weekly to 4 feet
and on alternate weeks to 6 feet in depth. Briggs'
geotomes were employed. Samples were obtained in
foot sections, except that the first and second 6-inch
soil cores were taken separately. The hygroscopic
coefficient of the soil at each depth was subtracted
from the total water content, thus giving the approximate amount of water available for plant growth.
PRECIPITATION

AND WATER CONTENT
OF SOIL

The year 1937 was one of deficient precipitation,
low humidity, and abnormally high temperatures. So
severe had been the preceding drought that late in
April only the surface two feet of soil had a good
water content. Rainfall in April (1.2 in.) and May
(1.9) was 1.3 and 2.2 inches, respectively, below normal. Rainfall in June (3.8 in.), July (3.1), August
(1.7), and September (1.1), was in order, 0.5, 0.8,
1.9, and 1.9 inches below normal. Examination of
Figure 3 shows that water for growth was not available to the vegetation except at irregular intervals
in the surface foot of soil, and that after June less
that 2 percent was available in the second foot.
The year 1938 was much more favorable to plant
development. Rainfall in April was more than an
inch above normal, and that of May 1.6 inches in
excess of normal precipitation. The very favorable
water relations of the soil in spring and early summer are shown in Figure 3. Vegetation flourished,
but growth was later retarded by a deficiency of soil
moisture. Rainfall in both June and July was about
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inch below normal. Soil moisture was reduced to the
nonavailable point in the surface 6 inches several
times, and available water content of the soil to a
depth of 2 feet was rather continuously less than
2 percent after June 30. This deficiency resulted in
the rapid drying of the vegetation.
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FIG. 4. Available soil moisture to a depth of 6 f eet
at Lincoln, Nebr., during 1939 (left panel), 1940 (center), and 1941 (right panel).
Numbers at the top of
the columns are dates of sampling; those at the base are
total current monthly rainfall.
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FIG. 3. Available soil moisture to a depth of 6 feet
at Lincoln 'Nebr., during 1937 (upper) and 1938 (lower).
Mean annual precipitation is 27.9 inches. Numbers at
the top of the columns indicate the first, second, ete.,
week of slampling; those at the base are total current
muonthl]y

rainfall.

1.5 inches below normal, and this resulted in midsummer drought.
The 2 years' growth of grasses
without trampling
and the winter's freezing and
thawinlg, however, had increased the rate of water
iiifiltration into the soil.4
The entire grazing season of 1939, except for June,
was oiie of (leficient rainfall (Fig. 4). A small moistare deficiency in April became acute in May when
tie rainfall was 2.5 inches below normal.
The normail June precipitation
(4.3 in.) caused the vegetation to flourish. Subnormal rainfall in July, amountimig to more than an inch below the mean, retarded
growth.
Precipitation
during August was nearly an
was
4Vegeta.tion
year; it flas usually
spring.

removed
mowed,

from thi experimental
areas
raked. and(l lauled.
away in

each
early

The spring of 1940 was cool and late; April rainfall was slightly above normal, and there was sufficient water content to promote good growth.
Rainfall in May was only 1 inch (3.1 inches below normal), and only about half the normal precipitation
fell in June (2.1 in.).
Despite these conditions, the
grasses made good growth, because of favorable distribution of rainfall, until late in June.
Since no
more rain fell until almost the end of July, there was
a period of four weeks during which growth ceased.
Available water content was nearly exhausted to 4
or 5 feet and the grasses dried (Fig. 4). Some were
bleached nearly white; the bluestems took on the
reddish-brown colors of autumn.
But growth was
renewed late in July, and continued throughout August under a normal rainfall.
The growing season of 1941 was characterized by
a late spring, a wet April, rather light rainf all in
May and June, and severe drought during July and
August (Fig. 4). Rainfall in May and June was 1.6
and 0.9 inches, respectively, below normal.
Of the
normal rainfall for July (3.9 in.) and August (3.5
in.), only 0.6 and 0.8 in., respectively,
fell during
these months.
Conditions of growth were good until
the last week in June, when a severe midsummer
drought of long duration began. The vegetation became discolored and dry and growth ceased.
Vegetation regained its green color after rains late in
August.
Only a few of the most drought resistant
grasses, as sand dropseed, side-oats grama, and blue
grama, produced a small crop of flower stalks in the
most favorable places.
In 1942 rainfall was especially heavy during April,
May, and June, and with few exceptions a good water

A
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content of soil was maintained at most soil depths
throughout the season (Fig. 5). The drought had
been definitely broken and the plant cover became
much taller and denser.
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the controlling factor in the growth of vegetation and
may be summarized for
development,
community
ready reference in interpreting the progress of succession.
1937 A dry year (19.4 inches of the normal 27.9 inches
precipitation) following very severe drought. Vegetation at very low ebb.
1938 Above normal precipitation (28.4 in.) and an excellent year for growth, except for moderate midGood recovery toward former
summer drought.
prairie conditions.
1939 Deficient rainfall (19.7 in.) except in June, especially after midsummer when growth ceased.
Spring and early
1940 Precipitation low (23.2 in.).
summer favorable to good growth; severe midsummer drought, growth renewed in August.
1941 Precipitation nearly normal (26.1 in.). Abundant
soil moisture until July, then severe summer
drought.
1942 Above normal precipitation (28.8 in.). Good moisture reserves in spring; excellent growth.
1943 Low rainfall (21.8 in.) but excellent summer for
growth. Accumulated moisture reserves promoted
good yields despite occasional deficient rainfall.

SUCCESSION AS MEASURED BY NUMBER
AND DISTRIBUTION OF STEMS
Succession in each group of quadrats was traced
year by year. Quadrats dominated by Kentucky
bluegrass

were listed finally in the summer of 1941,

but those in which sand dropseed or little bluestem
dominated were listed annually, including 1943.

~dogtanbohesitofcvradyes
~ ~~+f

SUCCESSION IN QUADRATSDOMINATEDBY

SAND DROPSEED
Changes in plant population in 10 quadrats dominated by Sporobolus cryptandruls are shown for each
of the 7 years in Table 2. At first sand dropseed
(lwe)
an 194
at Licon Nebr., duin 194 (upr
constituted 80 percent of the entire vegetation, exwaterrelations, whichl were overwhelmingl
l
ren The
monhyrifll.
clusive of native forbs and ruderals. There was a
steady increase of the dominant each year-17, 22,
and 35 percent over that of the preceding yearuntil 1941. That year marked a decrease as did also
1942 and 1943 (Table 2 and Fig. 6). Thus, in 1940
it composed 68 percent of all the grasses as measured
by number of stems, but in 1943 only 35 percent.
Despite the decrease in number of stems, the plants
were most widely distributed in 1943 when they occurred in 814 of the 1,000 sq. dm. units as against
p
99recein
the
two
||1%T
eihe
whalessNO thath^Iat of tof
762 in 1937, and 510 in 1940 when the number of
In 1922%t%?
had mad goo goth.
afe the grassesHA
stems was largest (Fig. 6).
Bouteloua curtipendula, the second most abundant
rf6e-t
an
moisturet dethi
hd'eevdmc
the. subviabesoil
grass, increased steadily until 1940. It then showed
sumervesupl was availablfteforungrowth finr194, al-nd a temporary but slight decrease, but reached a maxiavailabe water belo oal depth mum of 16 percent of the total grass cover in 1942.
snsli
ethoughkotherowslite
Veettonhafretllecvee
of4reet (Fig.l 5)
It decreased sharply in 1943. Bouteloua hirsuta decreased with the thickening of the cover after 1940,
from droght
tand boathdfenitye of cover and yieledsn but Poa pratensis increased with the return of greater
precipitation. Relict bunches of Andropogon scon14
rwh
oo
wfere thigh. sshdmd
parius gained in number of stems especially after
i
which wreatl overwhelm
Theo water
1940, and A. furcatus also increased, partly by the
spread of rhizomes. Both species increased their
from

Iih
were~~~~~-

stem output

by more than 900 percent.

But even
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2. Species of grasses and sedges, native forbs,
and ruderals in 10 meter quadrats dominated by Sporobolus cryptandrus, and changes in plant populations during each year of succession.
TABLE

W. E.

BRUNER

_

?__.____
GRASSES

-

AND SEDGES

_
__

_-

1937

1938

1939

-

--

1940
_

_

Total.........

1941

1942

1943
___ _

_

Sporobolus cryptandrus 6,285 7,356 8,998 12,161
Bouteloua curtipendula
448
954 1,992 1,849
Bouteloua hirsuta.... .
365
717
895
774
Poa pratensis........
315
82
96
96
Andropogonfurcatus. .
181
415 1,006 1,210
Andropogonscoparius
112
175
524
732
The 10Other species..
134
903
932 1,163

C

_

-

10,507
1,796
535
375
1,070
1,405
1,183

6,870
2,292
313
380
1,160
1,247
2,342

3
6,127 1,387
210
222 - 39
960 205
1,814
902
1,182
955
5,626 4,099

7,840 10,602 14,443 17,985 16,871 14,604 17,318

121

NATIVE FORBS

Plantago purshii ......
Hedeoma hispida .....
Solidago gkberrima ...
Aster multiflorus .. ..
The 15 other forbs ...

796
586
90
29
134

576
651
170
100
148

1,635

1,645

Lepidium densiflorum. 1,785
5
Leptilon canadense....
1,200
57
Hordeum pusillum....
323 1, 680
The 9 other ruderals .
62
88

Total ........

291
136
426
132
138

55
13
215
194
70

55
15
315
284
327

30
70
192
244
282

1,123

547

996

818 2,086

0
28
940
29

24
7
873
32

38
2
0 -100
13
474 2,287
91
824 4,848 10,154 3,044
37
26
338 445

997

936

912 5,350 12,779

0 -100
0 -100
922 924
284 879
880 557
28

RUDERALS

Total ........

3,370

1,830

279

in 1943 A. scoparius occurred in only 81 and A.
furcatus in 224 of the 1,000 sq. dm. This indicated
a distinct loss after the 1940 drought. The greatest
increases were made by the group of "other species."
At first they composed less than 2 percent of the
grass population. They then maintained about 8 percent until 1941, but by 1942 they ranked next to
Sporobolus in number of stems. These 10 species
occurred in only 43 sq. dm. in 1937, but in 470 in
1943.
The chief changes in the quadrats during the seven
years of succession were a great increase in sand
dropseed until the end of the drought in 1941, and a
gradual decrease in both number and size of stems
as the more mesic grasses regained their vigor. The
10 other grasses and sedges occur in lists of total
plant population in Table 3.
Only 19 native forbs were found in 1937. Plantago purshii was most abundant. It decreased yearly
and disappeared in 1943. Hedeoma hispida likewise
decreased greatly during 1939 and later disappeared.
But Solidago

glaberrima

and Aster

multiflorus

Lepidium

densiflorum

Native Forbs (continued)

Ruderals

Sporobolus cryptandrus
Sand dropseed

Aster multiforus
Many-flowered aster

Lepidium densiflorum
Peppergrass

Bouteloua curtipendula
Side-oats grama

Xanthoxalis stricta
Yellow wood sorrel

Leptilon canadense
Horseweed

Poa pratensis

Senecioplattensis

Hordeum
pusillum

Kentucky bluegrass

Ragwort

Little barley

Andropogonfurcatus
Big bluestem

Lithospermum linearifolium Grindelia squarrosa
Narrow-leaved puccoon
Gumweed

Andropogon scoparius
Little bluestem

Artemisia gnaphalodes
Prairie sage

Bromus tectorum
Downy chess

Koeleria cristata
June grass

Antennaria campestris
Prairie cat's-foot

Schedonnardus paniculatu.s
Tumblegrass

Carex pennsylvanica
Pennsylvania sedge

Cathartolinumsulcatum
Grooved yellow flax

Verbenastricta
Hoary vervain

Bouteloua gracilis
Blue grama

Amorpha canescens
Lead plant

Chamaesycemaculata
Spotted spurge

Bouteloua hirsuta
Hairy grama

Silene antirrhina
Sleepy catchfly

Tragopogonpratensis
Yellow goat's beard

Festuca octoflora
Six-weeks fescue

Achillea occidentalis
Yarrow

Chenopodiumalbum
Lamb's quarters

Sorghastrum nutans
Indian grass

Cirsium undulatum
Wavy-leaved thistle

Amaranthus retroflexus
Rough pigweed

Panicum scribnerianum
Scribner's panic grass

Vernonia baldwini
Ironweed

Salsola pestifer
Russian thistle

Sporobolus heterolepis
Prairie dropseed

Gaura parviflora
Small-flowered gaura

Ambrosia psilostachya
Western ragweed

Sporobolus asper
Tall dropseed

Kuhnia glutinosa
Prairie false boneset

Panicum capillare
Witchgrass

Cyperus Jiliculmis
Slender cyperus

Psoralea argophylla
Silvery psoralea

Panicum virgatum
Tall panic grass

Baptisia bracteata
False indigo

Panicum wilcoxianum
Wilcox's panic grass

Petalostemon purpureus
Purple prairie clover

Eragrostis spectabilis
Purple lovegrass

Astragalus crassicarpus
Ground plum

Native Forbs

Acerates angustifolia
Narrow-leaved milkweed

Hedeoma hispida
Rough pennyroyal

Psoralea floribunda
Many-flowered psoralea

Plantago purshii
Pursh's plantain

Vicia americana
American vetch

Solidago glaberrima
Smooth goldenrod

Equisetum laevigatum
Smooth scouring-rush

Erigeron ramosus
Daisy fleabane

spring rainfall, 1938, 1942, and especially in 1943,
when an average of 1,000 plants per sq. dm. was
found. Other ruderals occurred only in small numbers.

in-

creased in these quadrats. As a group, however, the
native forbs decreased 67 percent by 1940. They
became much more plentiful with the return of abundant soil moisture, as was common in prairie elsewhere.
Of the ruderals,

Monogaophs

3. List of species found in the 43 quadrats;
the more abundant species are placed at or near the top
of each list.
TABLE

Grasses and Sedges
NUMBER OF STEMS

Species

1Ecooical

and Lep-

tilon canadense, both annuals, were extremely abundant in 1937. The first almost disappeared thereafter,
but Leptilon was again extremely abundant in 1943.
This phenomenon was widespread. The amount of
Hordeum pusillum was greatest in years of good

SUCCESSION IN QUADRATS DOMINATED BY
LITTLE BLUESTEM

Changes in plant population in 10 quadrats in
which Andropogon scoparius was the most abundant
grass are shown for each year of sucbession in Table
4. It formed 31 percent of the total grass population in 1937. Number of stems increased 96, 90, and
16 percent over the preceding year, respectively.
But other grasses also increased so that this species
formed 39 percent of the total grass cover in 1940
(Fig. 7). There was a decrease the next year but

A

1945

July,

SEVEN-YEAR

OTSEec

305

IN GRASSLAND

1943

1942

1941

SPECIES

Ou r

-

S

S43~4

sp.

t0JO.

OF SUCCESSION

1940

1939

1938

1937

STUDY

QUANTITATIVE

436 7

o0

0404
cr0QS

62

I'\

51

~~~~'

\\

/\N

N50

1

\

~ ~~~~~~~~~~~~~~

\~

OD

ata

FIG.6.
mid

crrasss

numbr

ofsquae

drotight

(1-940),

A.ollg~lt

gasSpeci

edgs,

reltive

(vrticalcolums)

n

deimeers
and

32n339

(1940),

poroolu

romquadatsof

edgesand

after

2

years

whch
favorable

secis

ech
to

(Let)
in

crytanrus
aundanc

ocurre

at

aximm
197

to

he.beginingof

nmbe
943

te

tem
ere\ia

of

inlusive

The

oNth
stdynearthe

of
th

tble\gies

nd

growth.~\

224

ieh

1940ns
(vrtca
and reaieaudac9n134t393icusv.Tetbl

stea(-v increase thereafter. The gain over the 7-year
period was I365 percent. Despite this great gain in
number of stems, the plants occurred in fewer square
decimeters (.352) than they did in 1937 (397). This
eresulte(lfrom the severe fall and winter drought of
1939-40 when many bunches died.
Beha-vior of Sporobolus cryptandrus is of special
interest under the competition afforded by the thickening vegetation. It increased 75 percent in 1938,
19 percent more in 1939, and an additional 31 percent by 1940, despite the dry fall preceding 1940
which resulted in decrease of Andropogon furcatus
and Bouteloita curtipendula.
Although it continued
to increase in 1941, there was a great loss in stems
the next summer. This species usually ranked second
in abundlance until 1941. Then, owing to a large
crop of seedlings, it greatly surpassed Andropogon

scoparius in number of stems for a single year, after
which its population greatly declined. It was only
about one third as abundant as the dominant in 1943,
but it nearly doubled its numbers during the seven
vears. In 1940 and 1943 it occurred in 510 or more
unit areas, compared with only 373 at the first quadratting.
Bouteloua

curtipendula,

like sand dropseed,

illus-

trated its xeric nature by good increases until 1940,
when it had gained 367 percent. It decreased about
one third by 1943. Gains during the 7 years were
210 percent in stem numbers, and from 221 to 395
in unit areas in which it occurred. Anrdropogonr
furcatus increased in a manner similar to that of little
bluestem until 1940. It declined somewhat in 1940
and 1941 but recovered considerably in 1943. Total
gain by 1940 was 287 percent over that of 1937, and

J. E.
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TABLE 4. Species of grasses and sedges, native forbs,
and ruderals in 10 meter quadrats where Andropogon

40

0
2
45

49 3,287 - 16
0 -100
0
77
39
40

TABLE 5. Species of grasses and sedges, native forbs,
and ruderals in 10 meter quadrats dominated in 1937by
Poa pratensis, and changes in plant populations during
each of the five years of protection.

47

89 3,326 -

changes in plant populations during each year of succession.
NUMBER OF STEMS

Species
1938

1939

1940

1941

1942

1943

4,014
3,006
2,378
1,634
131
399
550
950

7,606
3,565
3,813
3, 1 14
343
645
541
1,001

8,849
4,660
3,492
2,871
331
880
636
1,172

8,153
13,581
3,133
2,457
463
655
522
1,616

8,503
3,522
2,537
2,755
1,480
637
1,234
1,048

9,521
3,313
2,319
3,151
2,863
1,528
1,486
818

365
93
210
325
302
396
444
599

6,662 13,062 20,628 22,891 30,585 21,716 24,999

275

1937

Total ........
NATIVEFORBS
Plantago purshii ....
Hedeoma hispida .....
Erigeron ramosus .....
Aster multiflorus ....
The 12 other forbs ..
Total .........

Total ........

30
44
6
483
79

1
5
254
476
36

0
1
31
318
53

3-100
75- 83
407 226
140
49
213 200

1,798

642

772

403

838 -

670
52
81

99
4
40

3
62
70

803

143

135

1,389 2,174

RUDERALS
Leptilon canadense .... 3,932
Lepidium densiflorum. 2,210
22
The 15 other ruderals.
6,164

A

371
830
31
451
115

715
656
443 1,007
145
125
179
94
128
71

Ecological Monographs
15, No.3
~~~~~~~~~~~~~~~~~~~~~~~

BRUNER

drought of 1934. It remained in small patches of a
square meter or less in the pasture when cattle were
excluded. Of the 25,000 stems of grasses found in
the 10 quadrats, 23,000 were bluegrass. All other
species constituted but 8 percent of the grass population (Table 5). With a loss of 99 percent of the
bluegrass during the dry fall and winter of 1937-38,
the total cover of grasses was reduced to 31 percent
by the next summer, despite the great gains of all
of the other species. By 1940 bluegrass, which had
occurred in 730 sq. dm. units, was found sparingly
in only 196. Thus, much fertile soil had been laid
open to the other species. All of the other grasses
showed good gains in 1939, but nearly all decreased
in 1940. Sporobolus cryptandrus, however, gained
steadily until 1941 when, like most other species, it
showed a decrease. The net loss for bluegrass (193741) was 96 percent. All others gained from 358 to
939 percent-the 8 other grasses collectively, much
more. Moreover, all had increased their area of occupation. After 1941 bluegrass increased so rapidly
that further stem counts seemed impracticable, in
fact its return by rhizome propagation was extremely
rapid during the years favorable for growth.

scoparius was the most abundant species in 1937, and

ANDSEDGES
GRASSES
Andropogonscoparius. 2,048
Sporobolus cryptandrus 1,714
748
Bouteloua curtipendula
741
A ndropogonfurcatus. .
713
Poa pratensis ........
308
Carex pennsylvanica. .
273
Koeleria cristata......
117
The 10 other grasses

W. E.
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NUMBER OF STEMS

Species

it increased still more in 1943. These gains were
accompanied by an increase in area occupied (Fig.
and KoePoa pratensis, Carex pennsylvanica,
7).
leria cristata all increased greatly after 1941 when
soil moisture became more plentiful.
The most striking changes in these quadrats were
the great gains made by little bluestem; the early
steady gains of sand dropseed and its great increase
after the 1939-40 drought at a time when nearly all
other grasses decreased; and, finally, the increase of
nearly all other species thereafter. The total increase
among the grass life-form was 275 percent.
Among the forbs, Plantago purshii, Hedeoma hispida, and Erigeron ramosus alone were of much importance in 1937. They all decreased greatly by
1940, but only Erigeron became more abundant with
greater precipitation. Aster multiflorus at first increased under protection from grazing, remained almost stationary for 3 years, and then declined rapidly
with the thickening of the grasses.
Certain ruderals in 1937 were as abundant as the
grasses. Leptilon canadense and Lepidium densiforum were most abundant, but soon greatly decreased and later disappeared. Total reduction of
ruderals was 98 percent by 1940, and except for
Leptilon they were even fewer in 1943. But Leptilon reappeared in very large numbers.
SUCCESSION

IN

QUADRATS

KENTUCKY

DOMINATED

BY

BLUEGRASS

Poa pratensis suffered great losses, often amounting to more than 95 percent, following the great

_

_

Percent

1937

1938

1939

1940

1941

change

Poa pratensis.............
23,085
751
Sporobolus cryptandrus .....
450
Andropogonfurcatus .......
369
Andropogonscoparius ......
Bouteloua curtipendula .....
268
Carexpennsylvanica.......
129
The 8 other grasses........
26

205
3,194
1,112
1,000
1,175
520
659

1,755
3,279
3,092
2,155
3,052
1,071
1,352

1,371
4,140
2,576
2,537
2,737
1,661
948

974
4,028
2,687
1,689
2,308
1,340
1,082

-

7,865

15,756

15,970

14,108

-

44

-

13
1,421
210

GRAssES AND SEDGES

Total ..............

25,078

96
436
497
358
761
939
4,062

NATIVE FORBS

195
163
416

140
362
396

28
1,333
598

37
1,198
304

169
2,479
1,291

774

898

1,959

1,539

3,939

2,923
608

80
166

7
179

22
94

14
275

-

100
55

3,531

246

186

116

289

-

92

Hedeoma hispida ..........
Aster multiflorus...........
The 17 other forbs.........
Total ..............

409

RUDERALS

Leptilon canadense.........
The 13 other ruderals......
Total ..............

Native forbs were not abundant in the bluegrass
sod, nor did they greatly increase with the death of
bluegrass, except Aster multiflorus, which increased
635 percent by 1940 and 107 percent the next year.
The most abundant ruderal was Leptilon canadense,
which decreased after 1937 to very small numbers.
SUCCESSION

IN OTHER

QUADRATS

Changes in the plant population in 10 quadratsin
which mats of Bouteloua gracilis occurred were ascertained. The outline of the blue grama mats in
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the several quadrats included approximately 8 to 64
percent of the square meter, but the basal area was
much less than this, since long continued grazing had
resulted in very open short-grass vegetation. The
basal area occupied by blue grama was ascertained
annually, each square decimeter being estimated separately. It was 6, 12, 12, and 16 percent in the years
1937 to 1940, respectively. Since 420 unit areas
contailled this species originally but 487 finally, the
Increase in basal area was due largely to a thickening
of the imiats. In 1941 the basal area, was only 13
percent, but a year later it had increased to 23. Blue
,gVramaathen occurred in 583 units.
Kinds an(l behavior o)f species of grasses, forbs, and ruderals were

abeasi

n

very similar to those in preceding quadrats. Sand
dropseed, the most abundant mid grass, increased
136 percent by 1940, side-oats grama 242, big bluestem 276, little bluestem 312, but bluegrass only
45 percent.
Three quadrats where the soil was barest under
the almost continuous stand of Lepidium densiflo'rmix
were also selected for studv. Death of the bluegrass
especially, but also of many other plants, produced
these nearly bare places. Here the annual peppergrass grew, but for one season only, at the rate of
600 to 700 plants per square meter. The scourge of
this weed in both pasture and drought-stricken praire was general from the Missouri River westwa-rd to

J. E.
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the Rocky Mountains (Weaver and Albertson, 1939).
Hordeum pxsillam occurred frequently, increased almost 900 percent the second year, waned in 1939,
but reached its greatest abundance (1,900 stems per
square meter) in 1940. Other weeds were only
mo(lerately abundant, especially Leptilon canadense,
Native
Grindelia squarrosa, and Verbena stricta.
forbs were of little significance, although Plantago
was common.
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cryptandrus had
Under this canopy, Sporobolus
322) stems per square meter. It doubled this number

the next year, showed a slight decrease in 1938, but
a total increase of 137 percent for the four summers
ending in 1940. Poa pratensis entirely disappeared,
Carex penns!ylvanica increased 106 percent, and Bonteloiia (urtipendula 280 percent, although it decreased
in 1939. Andropogon furcatus increased from 6
stems to 54. Cyperus filiculmis entered the plots in
1938, flourished in 1939, but lost half its numbers in
1940. Only 12 grass seeedlings, all sand dropseed,
were found in these plots during the four summers.
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SUMMARY OF SUCCESSION IN ALI, QUADRATS

Changes in plant populations in the 43 quadrats
taken collectively are shown from 1937 to 1.941 in
Table 6 and Figure 8. Poa pratensis comprised 56
percent of the total grasses in 1937. Greatly weakened by drought, it was reduced to only 3 percent of
its 1937 abundance by 1938. It increased about 3.5
times by 1939, but lost slightly the two following
years. By 1941, however, there was 223 percent
more than in 1938. It was represented in 1,049 unit
areas in 1937 but in only 320 in 1941. In 1942 it
made an excellent recovery and the next year its
gains were very great; large patches were dominated
by bluegrass aiid an understory of this species occurred wi(lely.
Sporobolits cryptandruts composed 26 percent of
the grasses in 1937. It gained consistently in numbers year by year; in thousands of stems the gains

were from 11 to 17 and then to 20 and 26. and
finally to 32. Yearly gains in percentages were 55,
19, 29, and 20. Total increase in number of stems
was 185 I)ercenlt. Since its gain in square decimeters
occul)ie(1

was omily 112 by 1940,

its chief

develop-

nient was that of plants already established, although
seedlings occurred far more abundantly than those
of any other grass. Moreover, its wide initial distrihution in more than 43 percent of the unit areas
shoul(l be emphasized. The spread into 954 additionald units in 1941 was due largely to seedlings.
But with the increasing abundance of the more mesic
and inore shade-enduring grasses after 1941, there
was a gradual

hut regular

decline, as was indicated

by dlata fromn the quadrats charted each year, inludilng 1943.
Andropogon
scopariifs increased 105 percent the
first year, 98 the second, and 17 in 1940. Thus, the
total gain was 375 percent, but the increase in area
of this buich grass was only from 549 to 822 units.
Very few seedling bluestems of either species were
Jounid. There was a slight decrease in 1941, but

Data from all 43 quadrats. (Left) Maximum
FIG. 8.
number of stems of perennial grasses and sedges, and
(vertical columns) relative abundance in 1937 to 1941
The table gives the number of square dcciinclusive.
nieters in which each species occurred at the beginning
of the study and at the end of the drought (1941).
thereafter widely scattered and long-dormant crowns
revived, old bunches became filled with stems and
also increased their area, and seedlings began to
appear ( Weaver and Albertson, 1944) . Thus, with
a revival of the bluestems, and the spreading of the
bluegrass, sand dropseed was suppressed.
Boutelouatc curtipendula increased even more rapidly
Gains were 195 and 91 perthan did sand dropseed.
But these
cent, respectively,
in the first 2 years.
were followed by decreases of 9 and 11 percent inl
This phenomenon of a
1940 and 1941 respectively.
great wav e of side-oats grama sweeping over the
prairie followinig the good year of
drought-opened
1938 was general, as was also its waning following
the fall and winter drought of 1939-40 (Weaver,
1943).
Nor did it ever again reach such great abundance, for with increased precipitation the more mesic
and more shade-tolerant grasses began to rednee it
to its former role of an interstitial species (Weaver
and Albertson, 1944) . The 4-year gain, however,
was 35O6percent.
It spread from an initial area of
571 nnits to 1,291.
Andropogon fofrcoturs likewise gained rapidly, 106
and 144 percent the first 2 years. It then decreased
8 and 5 percent the next two. Its total gain by 1941
was 337 percent, and it spread from 580 to 1,245
un~it areas by 1940, but decreased to 948 in 1941.
But once the soil became more constantly moist, the

A

July, 1945
TABLE

6.

SEVEN-YEAR

QUANTITATIVE

STUDY

Summary of species of grasses and sedges,

native forbs, and ruderals in the 43 meter quadrats, and

changes in plant population during each of the 5 years
of protection.
Percent

NUMBER OF STEMS

Species

change
1937

1938

1939 11940

19371941

1941

GRASSES AND SEDGES

Sporoboluscryptandrus.......
... 11,298 17,487 20,792 26,769
Poa pratensis ......
24,626
713 2,542 2,215
Andropogonscoparius ...........
2,698 5,527 10,933 12,814
Bouteloua curtipendula..........
1,897 5,596 10,709 9,738
Andropogonfurcatus ........
.... 1,770 3,638 8,878 8,184
725 1,550 2,122 2,242
Bouteloua hirsuta ...............
Carex pennsylvanica.............
585 1,105 2,005 2,963
Koeleria cristata................
410 1,144 1,408 1,776
Panicum spp ...................
56
257
592
428
Cyperusfiliculmis ...............
O 1,659 1,721 1,235
The 7 other grasses.............
90
198
178
294
Total .

32,168
185
2,304 91
11,614
330
8,645
356
7,736
337
1,398
93
2,373
306
1, 639
300
648
1,057
1,644
289
221

44,155 38,874 61,880 68,658 70,459

60

NATIVE FORBB

Hedeomahispida...............
Plantago purshii................
Erigeronramosus...............
Aster multiflorus................
Solidago glaberrima.............
Achillea occidentalis.............
Artemisia gnaphalodes...........
Lithospermumlinearifolium ......
Cathartolinumsulcatum..........
Xanthoxali8 stricta..............
Amorpha canescens.............
Senecio plattensis...............
Antennaria campestris...........
The 13 other forbs..............
Total ...............

2,172 2,381 1,004
148
305
1,599 1,457
943
167
184
376
325
314
28
881
354
808 2,237 2,053 2,737
302
473 1,155
637
655
132
51
23
61
58
92
22
169
8
97
24
60
77
57
112
65
24
5
12
9
46
349
459
312
663
40
21
11
26
45
16
4
0
20
112
11
9
37
0
19
112
30
35
17
81
5,341

6,014

6,476

3,543

-

86
88
134
673
177
56
5
366
92
1,341
13
600
73
28
-

11

5,954

RUDERALS

Leptilon canadense..............
Lepidium densiflorum...........
Hordeumpusillum ..............
Grindelia squarrosa.........
....
Schedonnarduspaniculatus.......
Verbenastricta.................
Ambrosia psilostachya...........
The 7 other ruderals............
Total ..............

9,404
851
149
37
54
8,412
66
11
112
220
1,281 8,885 5,213 6,630 8,747
74
33
48
35
54
58
154
1
25
43
34
155
128
83
634
9
2
12
160
23
23
44
32
64
205

-

19,295 10,190 5,618

-

7,164

9,938

99
97
583
27
98
1,765
156
791
48

plants flourished. Their shade was distinctly harmful to sand dropseed.
Bouteloua

hirsuta,

Carex pennsylvanica,

Koeleria

and Cyperus filiculmis all increased steadily
in number of stems, except for a slight decrease in
1940 or 1941. All but Bouteloua also increased
greatly in number of unit areas occupied.
Among the 26 native forbs growing in the quadrats, only 5 were of outstanding abundance. Together they constituted 90 percent of the total forb
population in 1937, and 80 percent in 1941. Contrary to the decrease in most grasses in 1941, the
forbs, with few exceptions, increased in numbers.
The slight increase in Hedeoma hispida in 1938 and
the marked decrease in 1940 is shown in Table 6.
The behavior of Plantago purshii, second in abundance, was somewhat similar. Erigeron had made
an enormous increase everywhere in pasture and
prairie following the drought year of 1934 and was
cristata,
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just beginning to decline in 1937-38. Solidago glaberrima and especially Aster multiflorus spread
widely by rhizomes. Number of stems increased 57
and 128 percent respectively the first year, and 144
and 177 percent the second, after which there was a
decrease in both species as the grass population became denser. This was followed by a slight increase
in 1941. The net increases from 1937 to 1940 were
111 percent for goldenrod and 480 for aster. Much
of this was an actual spreading into new territory.
The total forb population increased 13 percent the
first year and 8 the second. Then followed a heavy
loss of 45 percent in 1940, after which there was a
gain of 68 percent. Of the five leading species in
1937, the three short-lived annuals ranking highest
were far surpassed in abundance in 1940 by Aster
multiflorus and Solidago glaberrima. Number of
species of forbs in the plots was reduced from 19
in 1937 to 15 in 1940, but in 1941 there were 26.
Decrease in kind and number of forbs was general
in grassland following the great drought.
Among the 14 species of ruderals encountered in
quadratting, only three were of outstanding abundance (Table 6). They constituted 99 percent of
the weedy fraction of the vegetation in 1937. Leptilon canadense alone formed 49 percent, and Lepidium densiflorum 44. Leptilon decreased 91 percent the first year and Lepidium 99. Thereafter
neither was of much significance. Formerly occurring in an area of about 2,500 square decimeters,
they were finally reduced to 50 or less. This remarkable change is to be attributed very largely to
seasonal differences in physical environment and not
to the cumulative competitive effect of a denser grass
cover. It occurred in drought-depleted prairie as
well as in pasture.
Total weed population was not reduced in 1938 in
proportion to these two weeds. Hordeum pusillum
increased sufficiently (594 percent) to maintain the
general loss from 1937 at 47 percent. In 1938, this
weed alone composed 87 percent of the ruderals. It
decreased the next year, but was again abundant in
1940, and even more abundant in 1941. Since the
number of other species collectively remained fairly
constant, the rise or decline of weeds after 1937 was
determined almost entirely by Hordeum. At its lowest ebb in 1939, the total weed population had decreased to 70 percent of that of 1937. The number
of unit areas in which weeds occurred decreased
from approximately 5,500 to 700. But both number
of stems and unit areas occupied increased with
drought. Thus, in 1941 the decrease in number of
stems over 1937 was only 48 percent.
OCCURRENCE OF SEEDLINGS

The number and kind of seedlings found in the
quadrats were recorded each season. Because of the
intermittent periods of drought that occurred nearly
every year, seedling population was small considering the openness of the vegetation, especially during
the earlier years of succession (Weaver and Mueller,
1942). Table 7 shows that among the perennial
grasses there were no seedlings the first year, and that
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was by far the most prolific

seeder. The largest number of seedlings occurred in
1941 when there was abundant moisture until July.
Of these 93 percent (10,114) were Sporobolus cryptandrus. Not only was the total number much greater,
but seedlings of 6 additional grasses and 7 forbs
were found.
TABLE 7.
Kind and number' of seedlings in the 43
quadrats when listed in June or July of each year.

Species

1937

1938

1939

1940

1941

Total .............

9
255 10,114
350
4
6
38 1.....
51
30
183
36
19
211
4
4
. 14
18 ...
27
3
4
41
25
16
3
18
282
......
......
......
......
9
24
390
......
......
......

4145

......

435

330 10,907

101

2
34
1
4
161
31
4
238

NATIVE FORBS

347
176
61 1,051
Erigeronramosus..........
Aster multiflorus...........
33
9
25
......
Cirsium undulatum.........
2
3
6
8
Achillea occidentalis........
1
53
71
13
123
17
......
Lithospermumlinearifolium . ......
161
Xanthoxalis stricta.........
......
.....
......
4
....1..
12......
Eight other species.........
189

Total...............

138 1,170

14
21
802
.
406.
......
6 ......
1
18
2
60 ......
1
225
6
09 ......
40

679 1,609

22

RUDERALS

.
Leptilon canadense
Grindelia squarrosa.........
Verbenastricta.............
Chamaesyce maculat.......
Amaranthus retroflexus......
Salsola pestifer..................

.

Total...............

.
......
19 .....
4
12
1
13
2
3.
1
34

21

4
87
11
3
11

18
181
48
7
7
151

184 .....
43 ......
236 ......
32 ......
13 ......
77 ..

116

412

585

..

3

=_
3

*Data from 20 quadrats only.

In 1942 only 101 seedlings of grasses and 40 of
native forbs occurred in the 20 meter quadrats. The
number of seedlings was also low under the heavy
cover of vegetation in 1943, although a good seed
crop matured in 1942. In fact, the slowness of recovery was due in part to the small number of seedlings. After years of drought, an abundance of
seedlings must be preceded by a good seed crop.
Seeds of the several grasses were planted in six
different places selected at random after spring mowing in 1942. They were worked into the soil by
means of a garden rake. Excellent stands were produced. The plants grew slowly, and nearly all appeared dead after the August drought. Many were
revived by the autumn rains, but growth was negligible. Only rarely did one survive under the dense
foliage cover of the following year.
Although the living seedlings were included in the
stem counts, except for Sporobolus

cryptandrus

they

were nearly always few. Consequently the increase
in perennial plants was due to tillering, production
of shoots from rhizomes, or other means of vegetative

Ecological Monographs
Vol. 15, No. 3

BRUNER

propagation, and after 1942 by growth from longdormant rooterowns and rhizomes (Weaver, 1944).
OTHER MEASURES

OF SUCCESSION

The progressive development of the vegetation was
ascertained by several other methods. These included
the measurement of density and composition, size and
character of bunches, relative vigor as expressed following clipping, yield, and repeated general observations.

1942* 1943*

PERENNIAL GRASSES

Sporobolus cryptandrus.... . .
.
.....
Andropogonscoparius
Bouteloua curtipendula .
.....
.
.....
Andropogonfurcatus
Bouteloua hirsute..........
............
Koeleria cristata.................
Panicum scribnerianum .
....
Six other species.
.
...............

W. E.
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DENSITY

COMPOSITION

OF VEGETATION

Data were obtained upon the density and composition of vegetation in areas which had undergone
different periods of succession. Five meter quadrats
were selected at random but approximately opposite
each other, in each of the several long, narrow exclosures where succession had proceeded a first, second, and fourth year respectively. This was done on
June 15, 1940. Foliage cover was estimated separately by each of three experienced investigators after
each quadrat had been divided into five strips, each 2
decimeters wide. Experience has shown that this
is the best size of area for this purpose in this type
of vegetation. The three estimates for each 2-decimeter strip were averaged, and then added and divided
by five in order to obtain the total foliage cover for
each square meter. Foliage cover is equivalent to the
percentage of soil surface that is concealed by the
vegetation when the estimator views the plants directly from above. Basal area was estimated for
each square decimeter, that is, 100 estimates were
made and averaged for each quadrat.
Stems were listed in the usual manner. Percentage
composition of vegetation was ascertained by dividing each quadrat into 10 decimeter strips and considering the total vegetation in each as 100 percent.
Two investigators, working together, then estimated
what percentage of the entire vegetation was constituted by sand dropseed, little bluestem, etc. This
was based solely on area occupied by the bases of
bunches or stems of each species. Forbs were estimated collectively.
The foliage cover shows some irregularities, as
would be expected in random sampling. There is a
marked increase in average cover during the second
years of succession-a gain of 93 percent (Table 8).
TABLE8. Percentage of foliage cover and basal area
of pasture vegetation on June 15, 1940, during the first,
second, and fourth year of succession.
FOLIAGE COVER

BASAL AREA

Quadrat__

No.
1......
2......
3......
4......
5..
Average..

First
Year

Second Fourth
Year
Year

First
Year

Second Fourth
Year
Year

46
24
36
25
.. 16

58
56
76
60
32

72
60
49
64
61

12.2
11.3
14.8
7.2
6.9

21.0
19.0
22.8
28.1
15.3

18.2
16.5
20.8
22.0
20.7

29

56

61

10.5

21.2

19.6
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This increase in the amount of vegetation is also
expr'essed in a somewhat comparable increase (102
percent) in basal area. Increase in foliage cover
from the second to the fourth year was only 9 percent, andl the basal area decreased slightly. This
decrease is attributed largely to partial replacement
of the wvide-hasedsand dropseed by the more erect
hinestenis
and side-oats grama, but in part to the
more erect habit of sand dropseed under competition.
Basal area the fourth year varied from 16.5 to
22 percent and averaged 19.6. In the original pastire recently protected it varied froin 6.9 to 14.8
percent and averaged 10.5. Thus, the amount of
soil covered in the fourth year of the succession was
nearly ilotuhble
that in the original pasture.
The niumher of stems of sand dropseed showed an
increase of 85' percent under the second year of suecession As compared with the first. By the fourth
yvV4r11'
however, the number had decreased until it was
someWhat less than that of the first vear. This behavior is in accord with the percentage composition.
In the first vear of protection sand dropseed alone
constitute(1 49 percent of the grasses, in the second
81, hut in the fourth year only 39 percent. This
resulted in the rapid increase of this species immediately followving protection and its actual decrease
after four years resulting from the competition of
other grasses, especially little bluestem and side-oats
graina. Little bluestem about doubled its number
of stems after one year of protection, but increased
nearly 10 times by the fourth vear. Increase of sideoats grama was also very great.
A very signiflcant fact was the change in the composition of the vegetation upon the basis of basal
area. The first year the non-weedy and practically
wholly perennial grasses constituted 57 percent of
the total vegetation. But this increased to 92 percent in the second year, and to 97 during the fourth
vear of succession. Ruderals showed a marked decrease from about 33 percent (mostly little barley)
in the recently grazed pasture, to about 5 percent in
the one protected two years. In the fourth year of
succession the percentage of vegetation composed of
ruderals had decreased to about 2. The remaining
increment of native forbs was 10, 3, and 1 percent,
respectively, in the several stages of development.
SIZE AND CHARACTER OF BuNcHES

One hundred bunches of sand dropseed were selected at random in each of the three areas undergoing .succession and in the adjacent grazed pasture.
The diameter of the bunch one half inch above the
soil surface was measured, and the number of stems
per bunch was ascertained, as was also the length of
stems. Bunches of little bluestem were similarly
measured, 25 from each of the four habitats being
used (Fig. 9). This was done on July 15, 1940, before flower stalks had appeared. The averages of
these measurements are shown in Table 9.
Diameter of bunches of little bluestem gradually
inerensed with the succession, but bunches of sand
dropseed first increased and then became smaller.
The smallest average diameter of sand dropseed

FIG. 9. ]Bunches of little bluestem (A ndropogon
scoselected oll June 13S,]940, for average size under
the first, second, ,and fourth ywearof succession. Heights
are 3, 5..5, and 9 incites respectively.
The first bunch
has only a fringe of stenls on one side; the second is
one fourth filled Mwitll ste ns; but the last has a dense
stand of stems th roughout. Dryr wseight of foliage in
the same order is 2.5), 119 -ind 40} grains.
parius)

under protection was that of bunches having the
largest number of stems. This resulted from the
basal spreading habit of the grass under recent grazing andl its more erect one under competition for_.
light. Length of stems of both species increased
rapidly and consistently under protection as did also
their numbers. Steins of little bluestem practically
doubled in number the first year of proctetion and
almost repeated this increase the second growing
season.
TABLE9. Variation in size (in inches) and number of
.steals in bunches of grass of earthspecies in grazed pasture and in the first, second, and fourth year of succession, respectively.
YEAR OF SUCCE3SION

Criteria

Grazed__I
pasture -First

Second

Fourth

Sporobolu-s cryptandirus

Diameter of bunch ...
...
Number of stems ......
Length of sterns...........

1 .7
6.7
2. 9-

Diameter of bunch ...
1 .5
Number of stems. . . . ..... 11 .6
1 .6
Length of stems ...........

2.8
12.5
4.0

2.4
15. 4
7. 1

A ndropogon scoparius

2.2
22.7
2.4

2.3
40.8
4.3

2.'2
19.9
7. 6
2.9
49.9
6 .8

Increase in foliage with increasing periods of suecession also resulted in greater production and greater
accumulation of litter. Average square meter areas
under 0, 1, 2, and 4 years of succession yielded respectivelv 31, 56, 88, and 93 grams of air-dried litter.
This increase in soil mulch is very beneficial, especially in relation to conservation of precipitation.
INCREASE IN- VIGOR OF VEGETATIONIN RELA&TION
TO
PERIODOF SUCCESSION-

The increased viaor of vegetation as expressed by
its rate of development after repeated removal of
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the foliage was studied. In an experiment where
plants in quadrats had been removed by clipping on
June 1, July 1, and again on August 15, their height
on September 11 was ascertained (Table 10).
Selected species of grasses showing relation between period of succession and recovery from
clipping. Average height on September 11 is shown in
TABLE

10.

inches.
YEAR OF SUCCESSION

Species

___

First Second Fourth
A ndropogonscoparius. . .
A ndropogonfurcatus . . .. .
Bouteloua curtipendula....
Sporoboluscryptandrus . ..
Koeleria cristata..........
Eragrostis spectabilis......

3.0
4.0
3.0
2.1
2.1

...

3.2
4.4
3.5
2.4
2.3

3.2

4.5
5.7
4.2
3.0
2.2
51.0

BRUNER

4.8
6.0
5.0
3.3
3.5
10.0

Ecological

Monographs
Vol.
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established invader. Only very small amounts of
grasses not listed were found.
Prairie Grasses
Andropogon scopririus
Andropogon f urcatus
Bouteloua curtipendula
Bouteloua gracilis
Bouteloua hirsuta
Carex pennsylvanica
Koeleria cristata

Climax

These data confirm other similar studies on recovery after clipping and reveal clearly the increasing vigor resulting from greater food reserves under
an increasing period of succession without disturbance by grazing animals.
SUCCESSIONAS MEASUREDBY YIELD

W. E.

Panicum virgatum
Panicum scribnerianum
Sorghastrum nutans
Sporobolus asper
Sporobolus heterolepsis
Stipa spartea

Pasture Grasses
Aristida oligantha
Cyperus filiculmis
Eragrostis cilianensis
Eragrostis pectinacea

Hordeum pusillum
Hordeunmju batum
Poa pratensis
Sporobolus cryptandrus

The total seasonal yield in each stage of succession (from four monthly clippings) is shown in
Table 11.
TABLE 11. Yield in grams of prairie grasses, pasture
grasses, and forbs in areas where succession had proceeded the first, second, and fourth year respectively,
and in climax prairie.
PASTURES PROTECTED

Second Fourth Prairie
Vegetation
It is generally assumed that when climax true
Year
Year
prairie degenerates to any one of the several subsere
5,744
3,831
1,045
474
Prairie
grasses.
stages there is a corresponding decrease in either or
332
3,618
8,000
6,382
both quantity and quality of forage. This is known Pasturegrasses.......
1,405
Forbs ...............
867
1,285
1,033
to be a fact as regards degeneration of true prairie
to Kentucky bluegrass, to western wheat grass, or to
7,481
Total ...........
8,734
7,723
10,078
the short grasses-blue
grama and buffalo grass
(Buchloe dactyloides)
(Weaver and Hougen, 1939;
The annual yields of prairie grasses in percentages,
Weaver and Albertson, 1944). But to what degree,
if any, plant production increases with succession is based on the prairie as 100 percent and beginning
with the first-year protection, were, respectively, 8.3,
not so clear.
In the spring of 1940 a series of 30 meter quad- 18.2, 66.7, and 100. Annual yields of pasture grasses,
rats were located at random 20 feet apart along a based upon the first-year protection as 100 percent,
north-south line in the area undergoing its fourth were 100, 125.4, 56.7, and 5.2 percent, respectively.
year of succession. Thirty other quadrats were lo- Stating the yield of forbs in prairie as 100 percent,
cated in a similar manner in the adjoining climax production in the pastures in the first to the fourth
prairie, and two other similar lots were laid out, one years of succession, was 61.7, 73.5, and 91.5 percent,
in the pasture undergoing a second year of succes- respectively.
sion and one in a parallel strip enclosed only in
Comparison of the total yields reveals the sur1940. Clippings from these 4 groups of 30 quadrats prising fact that they were greatest during the secwere to supply data on the amount of prairie grasses, ond year of succession. They were next greatest
pasture grasses, and forbs, both native and ruderal, during the fourth year, less during the first year,
produced each month during summer. At each clip- and least in the climax prairie-which, however, had
ping the vegetation of each quadrat was separated by suffered considerably from drought. Yields per acre
selective cutting into prairie grasses, pasture grasses, in the above sequence were 1.51, 1.31, 1.15, and 1.12
and forbs. Each partial yield was placed in a sepa- tons. From these data on plant production near the
rate cloth sack, thoroughly air-dried, and its dry end of a very dry period it may be clearly seen that
weight ascertained. Both prairie and pasture had the earlier stages in succession, where annual weeds
been mowed about 1.5 inches high before growth was and xeric grasses were plentiful, gave highest total
resumed and the grass collected with a hayrake and yield.
removed from the field.
During the end of the last year of experimental
Prairie grasses included all plants of grasslike study (1943) and the second year of good rainfall,
habit that were found more or less regularly in nor- the total yield was again obtained. Ten 2-meter
nal, undisturbed prairie. Pasture grasses included quadrats were selected at random at widely dissimilar species not common to climax eastern Ne- tributed places, previously unclipped, in the areas
braska prairies, and bluegrass, which is a long- protected for the fourth and seventh year, respecFirst
Year
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tively, and in the prairie. A first cutting was made
on July 23 at a time when the vegetative growth of
even the late blooming grasses was complete. The
flower stalks of needle grass, June grass, Kentucky
bluegrass, little barley, hairy chess (Brornus cornmutit us) and certain other plants were still standing
or even if lodged could be included in the harvest.
The bluestems, prairie dropseed, tall dropseed, and
other late bloonminggrasses had not produced flower
stalks. One of each of the 2-meter quadrats was
used for determination of the basal area and both
for the estimation of foliage cover. A second clipping was madle in Sel)tember, since a good growth of
aftermath was produced. The new growth reached
the avera-e height of about 9 inches in all of the
different experimental areas.
Basal area was 20 l)ercent in the plots undergoing
the fourth year of succession. This high amount wvas
due in part to an under-story of little barley. It was
ap)proximately the same ('21.3 percent) in seven-year
pasture and prairie. Foliage cover averaged 72 percent in each of the two former pastures and 80
percent in prairie. These high percentages and the
great uniformity in the different areas showed that
the vegetation had greatly improved since 1940. Total
yields in the 4-year and 7-year pastures and in prairie, respectively, were 11,023, 10,899, and 11,513
grams; the prairie yielding 2.6 tons per acre.
From another lot of 2'0 meter quadrats in each of
the three same experimental areas, but quadrats cut
at the end of each of the four summer months, the
total Yields were, in the saine order, 9,780), 7,875, and
8,4(51 grams. These heavv vields reflected both the
rapid pro-i-ess in succession and the improved condition for growth in 1942' and 1943. The fact that
the yiel(l of prairie grasses alone in the 4-year sue(5,527 g.) considerably exceeded that in the
Ce'SuiOn
7-yea r (5,003 g.) and nearly equaled that of the
at first appears anomalous. But
a (r,1()
g,.),
the marked stimulation of the bluestems and other
prairie grasses thinned by drought, as compared Xwith
thos(e in relict prairie areas with a fair to good cover
of ve-etation, was a widespread phenomenon (Weaver and Alhertson, 1944). With the return of moist
years the less closely spaced relict grasses made a
luxuriant growth; their stature far exceeded that of
the slame species in stabilized vegetation. In addition to this inerease(d development of prairie grasses
the (.xcellent growth of pasture grasses as well increased the yield of the 4-year succession until it
ex(eeded that of the climax grassland. At only one
time (luring the S-year period was the stand denser
and(lthe yield higher in any of these stages of succession or in the climax grassland. That was in the
Inst year of the study, 1944.
G ENERAL, DEVELmOPMENT
OF VEGETATION

In conjunction with the detailed study of the quadr;ats,Ya more comprehensive view of succession was
gainied by carefully recording each year the (hanges
in the entire area'. The succession may stand out
niore clearly, however, if the vegetation during the
5((M(1d vear (1938) is coml)aredl with that at the
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close of the drought cycle (1940-41), and this with
the greatly improved plant cover after 3 years of
recovery (1944).
PLANT COVER IN 1938
The second year of succession was one of good recovery of vegetation despite the midsummer drought.
In the south exclosure there was a marked increase
in grasses and a corresponding decrease in forbs.
Big bluestem and little bluestem shared equally in
importance with sand dropseed. There were many
bunches, mostly small and young, of June grass and
side-oats grama which had also increased in abundance. The bluestems and sand dropseed were not
greatly intermixed but more or less dominated different local areas (Fig. 10). Aster and goldenrod
were the most important weeds but, like till other
perennial and annual forbs and weedy grasses, they
were slowly giving way to the dominant grass lifeform.

I-~~~~~-

Fli;. t0. Recovery of little bluestemlin pasture after
2 years of protection. July 2;, 1938.

In the north exelo~sure sand dropseed was the
(lominant grass everywhere, with side-oats grama
second^ in abundance but of mnuchlower rank and
wzith the plants widely scattered. III many places
sand drop~seed covered the soil almost completely,
the foliage covfer being as high as 90 percent late in
July wshen the general grass level was about ].2
inches and the flower stalks were 2.5 to 3 feet tall
(Fig. 11). At a distance of a few rods, except for
the tall daisy fleabane and gumweedl, the pasture appeared to be completely dominated by sand dropseed
and a sparse to moderate mixture of side-oats gramla.
A considerable part of the increase of sand dropseed
resulted from the abundant seedlings of the previous
summer.
All other grasses wsere far less abundant, their
order of importance being big blulestem, blue grama
and hairy grama, little bluestem, June grass, and
bluegrass. The considerable amount of big bluesteml
and sotmewhat less abundant little bluestem weereimp~ress.i~i'esince in the p~receding, year they were
scarcely to be found. Both species had reg~ainedlformer lo~sses by vegetative propagation, andl both pro-
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Fwa. 11. Dense stand of sand dropseed (Sporobolus
cryptan(drus) in pasture undergoing a second year of

suecession. July 25),1938.

dluee(lseed. Many small bunches of June grass were
scattered throughout as were also many new plants
of blue grama and tufts of hairy grama. Growth
was vigorous in the bared soil. Scribner's panic
gtyrassand Wilcox's panic grass were found sparingly
throughout and occurred in dense stands about the
edges of bare places. Slender cyperus, found only
rarelv in 1937, was a common and even abundant
specites III the areas laid bare by the death of bluegrass; patches 5 to 10 square feet in area occurred.
Pennsylvania sedge, also profiting by the death of
hluegrlass, had increased considerably. Bluegrass was
representedl only by a few small patches and rarely
by isolated tufts.
Although prairie grasses were not abundant, considleriing the area as a whole, yet they did dominate
in nanny scattered square meters, a fact of much importance since it distinctly indicatedl the beginning
.t their return.
The two chief weedy forbs in sequence of importIaiwe were aster and goldlenrod. Aster varied greatly
in height and( density of stand, dlepending largely
111)0o1

compl)etition.

In pure stands, often 4 or more

feet in length and breadth, it reached a height of
2.5 feet, and the stems from the rhizomes were so
den.sely aggregated that no other plants had returned
to the drought-bared areas into which the aster had
rapidly spread. The goldenrod attained a height of
2 to '.5 feet in dense patches where there was practically no grass, but where sand dropseed also oc(d the stemnswere fewer andl only 16 inches tall.
cup111i
The larger patches of this rhizomatous species were
12 feet wide and 18 feet long. The plants wzereoften
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so densely aggregated that even grasses were all but
excluded. However, fruiting stalks of sand dropseed
and side-oats grama, or less frequently of big bluestem, appeared sparingly from plants enfeebled by
the dense shade.
Little barley ranked third in abundance among the
weeds, and was followed by Pursh's plantain and
rough pennyroyal. These were most abundant in
patches of dead bluegrass. They frequently occupied
2 to 8 square feet in pure or mixed stands. In general, the gray spikes of the plantain, the slecies
which dominated small areas the preceding year,
were almost completely obscured by the thickening
cover of grasses. Indeed, over the lower half of the
pasture little barley and rough pennyroyal formed
a distinct understory, at a height of 10 to 13 inches,
beneath the perennial pasture and prairie grasses.
During June, little barley appeared to suppruesssand
dropseed, but later the cover of this perennial wvas
very thick and the weedy grass was subdued. In
the smaller areas where little barley had complete
control, the dried stems, 20 inches long, became prostrate and formed dense mats, as occurred over many
acres in old worn-out pastures. Except for little
barley and plantain, annual weeds were of little significance despite the abundance of horseweed and
the scourge of peppergrass in 1937. The perennials
-varrowv, vervain, and western ragweed-were present only in moderate numbers;. The control of the
forbs (except aster and goldenrod) by the general
thickening of the grasses was a marked feature in
1938.
PLANT COVER IN 1940
By the fourth year of succession sand (iropseed
still dominated in many places and in mixture with
side-oats grama in others. In much of the area it was
well intermixed with the bluesteins, an(l frequently
the bluestems were dominant and sand dropseed was
almost absent. June grass and Pennsylvania sedge
were far more common than before, and an occasional
bunch of prairie dropseed was encountered. In midsummer, little bluestem stood out conspicuously at a
height of 10 inches in reddish bunches andl patches.
The tops of big bluestem were scorched and the leaves
of side-oats grama were rolled. On the lower ground,
the dried flower stalks of bluegrass were scattered
thinly. Goldenrods were fewer and much (iwarfed;
they had been thinned greatly as the grasses increased; often only the outlines of former dense
patches remained (Fig. 12). The patches of aster
wverelikewise mostly very open, hut the plants were
taller than in earlier stages of succession (Fig. 13).
Yarrow was abundant. Weeds were of minor imiportance, and the impress was distinetly one of
grasses. Vervain, formerly common, had ncarljv disappeared. The bunches of grass were much thicker,
of greater height, andl plroduced many more stems
than earlier in the succession.
Patches of blue grama with foliage 6 inehes high
were common. Occasional bunelhcs of hair!- grama,
tall dlrol)see(1, prairie (irolpsevd, and plains niuhlv
'31tu/ilenbergia Xuspido ta) occurred. In autumn,
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Pio1. 12. (Upper) Dense growth of smooth goldenrod
(81lidlago glabe rrima)l dlurillg tlle second year of 8UCcession.
(LIower) Open growthl of smooth goldenrod
(luring tlle fourtl} yealr of succession. It was formerly
similar to thalt above, but is giving way to competing
grasses. C'oM~plelte
suppression of this species i 81shown
in F'igure l.-.

where large bunches or patches of the bluestems or
-of blue grama were present, there *was a distinct
opening, ill the general canopy of flower stalks affordedl by x;and dIropseed and side-oats grama. The
-nnual weeXl s tage, especially that of little barley,
xo con~spicuosusin the areas with a shorter period of
,develop~menlt,had nearly disappeared ( Fig. 14) .
P~lantalin lilkewi~sewas inconspicuolls. But the develolxmint into> climax prairie was still far from
co(mplelte
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FIG. 13.
(Upper left) Dense stand of ninny-flowered
aster (Aster miultiflorus) about 2 feet high and with no
undergrowth. It was common dluring the earlier years
of succession. (UIpper right) Aster growing in a moderately thick stand of sand drop8eedl. It is shorter and
(Lower left)
the stems are fewer under competition.
Aster greatly suppressed by big bluestem. The height
of the grass is about 2 feet and the thick stahld casts a
dense shade.
(Lower right) Representative soi from
area shown in Figure 12. The goldenrod is completely
suppressed, there are no flower stalks, and tile plalts
with only 2 to 5 percent light are much attenuated.
All photos on July 28, 1943.

Only in a single small patch of a few square yards
was it revealed that the area had at one time been
pasture. Here the cover was sand dIropseed, usually
thickly intermingled with side-oats grama. But recovery was shown by small bunches of little bluestem and especially

by tufts

of big bluestemn scat)eriphery
return to a bluestem

tered throughout. They were thick on the

and foreshadowed
a rapid
matrix.
in the larger exclosure, any marked transition from
old pasture to climax vegetation along the former

fence line had been obliterated. Verv little sand
dropseed had developed its eonslicuous flo wer -talks
(Fig. 16). Little bluestem, big bluestem, an'l sideoats gra:in (lominate(1 excep)t where Kentueky bluegrass formed irregular patches. Bluegrass hd(l hbegun
to replace sand dropseed in 1943 and now ocenirred
thicklv on low ground and thnlv even on th- hilltop.
The hulnches (f bluestem were crowdled wvith enilms,
and the hluestem sod( was dense. Thegod)d foliage
hlcightt and density of cover with ani excellent soil
mu1l1chcontrihute(1 greatly
like climax prairie.
Bare

sol

-was

no

longer

toward
ex;posed;

making

it :aopar

everywhere

be-
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14. Vegetation undergoing different periods of %(ceession, June 25, 1940. The former
lisle between the fourth year exclosure (left) and the second year exclosure (right) is very
distinct because of the abundance of little barlev (Hordcurn puit.sillimn
) which has dried aind gives the
light color.
]Fit.

feice

tween the plants it was obscured by the mulch of
de1ad anl decaying plant parts. Moreover, manl
species of the under-story, as Scribner's panic grass,
WNilcox'spa nic grass, and Pennsylvania sedge, were
common. On only a few square yards in places
that were formerly (lestitute of vegetation di(l sandl
dropseed still remain, its dense flower stalks remindinir on( that a few years p)reviously it had preBut elsewhere, if present, it was
R ailed generally.
subdhuedby .hade or by a thick mulch of leaves and
by root ecompetition as in bluegrass sod. There was
onlv a small amount of hairy chess or other species
of brome grass, or of six-weeks fescue and little barley. PIursh's Islantain had completely disappeared.
Ail ot these nre inllicators of an open or (listrubed
eover.
Mtany-flowered aster, smooth goldenrod, and the
per(llial ragwce(d were all greatly subdued :and not
colspieollcus in the deep cover of grass. Practically
no pasture weedls remained. The thick hunches of
litile bhlesteni had a foliage height of 18 inehes. But
only the flower stalks of side-oats gramnaor bluegrass
about a foot in height. Under these grasses
4xceXeeded
shade wvas dense, and the soil unless clothed with
blluegrass was usually without other vegetation. The
foliag(e^ COVerl was not so even as that of completely
stabihlizevdprairie where more uniform height adnjustments had been attained. Sand dropseed lingered
lon-est whien intermixed with tufts and sultl mats of
Aidle-oats grama. Jt thrived best where lightZ as

abundant and its semi-prostrate stems were not too
much shaded.
But throughout this intermixture of grasses, the
complete recovery and rapid spreading of the bluestem1swere proceeding everywhere (Fig. 17). Many
nltior grasses and prairie forbs were also flourishing.
Yarrow was generally distributed, and there occurred
small amounts of daisy fleabane, false prairie bonesct, gr(;undl plum, and ironweed. One had only to
observe in the adjacent earlier stages of recovery the
dense and vigorous patches of aster to be subdued,
the bare spots clothed only with weedy bromes, the
abundance of little barley and other annual pasture
weeds, and the formidable ranks of the 3-foot flower
stalks of sand dropseed, to he reminded of the great
changes' that had taken place.
There the much
smaller amount of bluegrass was also striking.
Enough dried flower stalks of sand dropseed still
remained to clearly demark the boundary line between the areas with the fifth and eighth year of
succession.
Conversely, observations in prairie of the abunrl.hiace of needle grass, the dense stands of prairie
(iropseed, and the ever-present sprinkling of the lead
lplant, blazing stars, psoralea, and sunflower, made
one realize that stabilization was not yet complete.
Nature is conservative; development proceeds slowly
esplecially during times of moisture defieiency, and
even subseres for their completion may require a long
period of time. Yet the contrast between the new
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Fie. ]65. Photo in Septemlber, 1940, showing sharp line of demarcation between climax prairie
(right) and pasture (left).
The pasture contains millions of flowter stalks of sAnd dropseed which
have bleached whbite in the late summer drought; they obseure the other vegetation. A little sand
dropseed has invafled I)ralirie hut here the chief plant of light eolor is side-oats grauma,which is also
abundafnt in the pasture.

8-year-old prairie and the depleted ancestral pasture
was so great that one could scarcely comprehend their
close relationship. Here was the building anew from
the old remnants of vegetation, the discarding of
weedy invaders, the slow but steady replacement of
the former interrelations of native species with species, the delicate readjustment of community relationships which had been all but destroyed. These indeed arc phenomena worthy of scientific study, and
they are also of far-reaching economic importance.
SUMMARY

Fin. 16. A typical plant of sand dropseed 2.5 feet
tall (left), and different degrees of suppression (contei) where the short stems from the large crown were
reitined to I or 2 in number as a result of shading by
bigh biNestenl. (Right) Big bluestem overtopping sand
(I opseed. The single-stemmed reliet in this sod (in
fr-ont of cardboard) was reduced to a height of only
.

ill.les.

The nature and rate of succession in a 23-year-old
native pasture under complete protection from grazing were studied quantitatively near Lincoln, Nebraska, during seven growing seasons, 1937 to 1.943.
The pasture was of the little bluestem (Andropogon seoparius)-Kentucky bluegrass (Poa pratensis)
type preceding the great drought of 1934-36, but was
lominated by sand dropseed (Sporobolus cryptan(1rfl.Y)and side-oats grama (Bontelona euirtipendiula)
following the high mortality of the less xeric grasses.
Five groups of permanent, meter quadrats were
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Flo. 17. View on September 24, 1944, showing how the vegetation in the successional area
(left) merges imperceptibly into that of the climax prairie on the right (compare with Figure 15).

established in which the increase or decrease of plants
of each species was ascertained by stem-counts.
Fourteen species of grasses and sedges, 19 of native forbs, and 13 ruderals, constituted the total vegetation in the 43 quadrats in 1937; the number later
increased to 58.
The topography is rolling; the soil is a fertile clay
loam about 3 feet in depth underlaid with a deep,
somewhat sandy subsoil. Average annual precipitation is 27 inches.
Drought occurred each growing season until 1942;
but conditions for growth were favorable in spring
and early summer of 1938 and 1941. Drought was
definitely broken in 1942, and excellent growth occurred in 1943 and 1944.
Soil sampling to depths of 6 feet revealed that the
vegetation depended chiefly upon current rainfall for
its water for growth.
The most marked change in quadrats dominated by
sand dropseed was a steady increase (94 percent)
in number of stems of the dominant until near the
end of the drought. This was followed by a gradual
decrease as the more mesic grasses regained their
vigor.
In quadrats where little bluestem was most abundant, it gained 332 percent by 1940 and even more
(luring the following good years. Sand dropseed

gained steadily even after the severe drought of 193940 when nearly all other grasses decreased, but thereafter it lost heavily.
Kentucky bluegrass composed 92 percent of the
grass in relict areas quadratted in 1937. It suffered
a loss of 99 percent during the following dry fall
and winter, and had increased only slightly by 1940,
but very rapidly in 1942-44.
Of the total population of the 43 quadrats bluegrass comprised 56 percent of the perennial grasses
in 1937, but only 3 percent in 1938. Sand dropseed,
which constituted 26 per cent of the grasses, became
more widely distributed than any other species.
Only 5 native forbs were of major importance.
Among these Aster multiflorus and Solidago glaber*ima both increased greatly, then waned, and later
were suppressed.
Foliage cover of vegetation undergoing the first,
second, and fourth year of protection was 29, 56,
and 61 percent, respectively, in 1940, but increased to
80 percent or more by 1943. Basal area was 10, 21,
and 20 percent in the same sequence, and no increase
occurred after a basal area of about 21 percent was
attained in each area.
Diameter of bunches and number and length of
stems increased as succession progressed.
Yields under a shorter period of succession were
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often as great or greater than under a longer one,
owillng to the greater proportion of xeric grasses and
wee(ls the fi-st few years but later to the remarkable
growth of prairie grasses freed from too close competitionl.
Ini the second year of succession bluegrass mainLittle
taireld only 3 percent of its former stand.

OF SUCCESSION

IN GRASSLAND

319

grasses and forbs, common in adjacent climax prairie, and the lack of various community relationships,
indicated that succession was still incomplete.
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